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does not affect the intensity of the beam to a sufficient extent to 



It is an object of the present invention to provide an alternative form 
of mass spectrometer in which ion counting can be used to cover a wide 
dynamic range using a small number of TDC's. 

Thus and in accordance with the present invention therefore there is 
provided a mass spectrometer comprising an ion source to produce ions 
from a substance to be detected and detector means to detect a quantity 
of ions incident on said detections means wherein the said detection means 
includes at least two detector elements, each of which elements detect at 
least a part of said quantity of ions from the ion source and attenuation 
means which acts to attenuate the quantity of ions reaching at least one 
said detection element. 

With this arrangement it is possible to measure the quantity of ions 
with and without attenuation which means that both single and multiple ion 
detections can be quantified more accurately and a high dynamic range for 
the mass spectrometer can be achieved. This is achieved by parallel 
acquisition or interleaved acquisition of signal from ion^ beams with 
significant attenuation at one detector element and almost no attenuation 
at another. 

Preferably each detector element comprises a separate plate anode. 
Each detector element may be connected via an amplifier to a time to digital 



significantly enhance dynamic range without a very large number of TDC's. 
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converter (TDC) to allow counting of detected Ions. 



Although the discussion has been in terms of using TDC acquisition 
it will be appreciated that the same principle of attenuation of signal to other 
detector elements could also be applied to extension of dynamic range using 
anaiogue-to-digttal conversion (ADC) or combinations of TDC and ADC. 

The detector elements may be disposed one behind the other relative 
to the ion source or alternatively may be disposed one above the other in 
a plane extending generally perpendicular to the direction of ion travel. In 
the case where the detector element is disposed one behind the other, an 
earthed member preferably a wire or grid may be provided between the 
elements to minimise capacitative coupling between these elements. 

The attenuation means may be performed by at least one of the 
detector elements and in this case the at least one detector element is 
adapted to allow a proportion of incident signal to pass through the element 
without being detected. The adaptation may comprise a plurality of 
perforations or other apertures in the element. Alternatively a separate 
attenuation device may be provided between the ion source and the 
detector elements which acts to reduce the number of ions reaching at least 
one of said elements or at least a part thereof. In these circumstances the 
attenuation device may comprise a perforated plate. 

Preferably, in the case where the attenuation means is formed by a 
perforation of the detector element, the cross-sectional area of the 
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perforations compared to the total cross-sectional area of the plate is 
approximately 1 to 100. 

The invention will now be described further by way of example and 
with reference to the accompany drawings of which :- 
5 Fig. 1 shows a schematic version of a prior art form of mass 

spectrometer; 

Fig. 2 shows a schematic version of one embodiment of mass 

spectrometer in accordance with the present invention; 

Fig. 3 shows a variation on the embodiment shown in Fig. 2; 
10 Fig. 4 shows a schematic version of a second embodiment of mass 

spectrometer in accordance with the present invention; 

Fig. 5 shows a schematic version of a third embodiment of mass 

spectrometer in accordance with the present invention; 

Fig. 6 shows a schematic version of a fourth embodiment of mass 
15 spectrometer in accordance with the present invention; and 

Fig. 7 shows a schematic version of a fifth embodiment of mass 

spectrometer in accordance with the present invention. 

Referring now to the drawings, there is shown in Fig. 1 a schematic 
representation of one standard form of prior art mass spectrometer detector. 
20 The spectrometer 10 comprises an ion source (not shown) which produces 

an ion beam from a substance to be analysed. The ton beam is directed by 
conventional means onto a pair of microchannel plates 11,12 (hereinafter 
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A further alternative is shown In Fig. 5. In this embodiment, the first 
anode 16, a second anode 18 and, optionally an earthed grid 19, are 
constructed as sandwich layers of a printed circuit board 21. The first 
anode 1 6 is formed as a perforated plate attached to a first support layer 22 
which is also perforated, the perforations in the first support layer 22 being 
in register with the perforations in the first anode 16. Attached to the 
opposite side of the first support layer 22 is an earthed gird, perforations in 
the grid also being in register with the perforations in the first support layer 
22 and the first anode 16. Attached to the opposite side of the earthed 
grid 19 is a second support layer 23 which carries a second anode 18 
attached thereto. Fingers 24 of the second anode 1 8 extend through the 
second support layer 23 and terminate adjacent to the perforations in the 
earthed grid 19. 

In this embodiment, the attenuation is carried out by the first anode 
1 6 and only a proportion of the secondary electrons reach the fingers 24 of 
the second anode 18 through the aligned apertures. As in the previous 
embodiments, the earthed grid 1 9 minimises capacitative coupling between 
the two anodes. 

A still further alternative is shown in Fig. 6 In which a separate 
attenuation element 26 of appropriate form is placed In the ion beam before 
the ion beam is incident on the chevron pair 11,12. The attenuation 
element in this embodiment, comprises a perforated plate, and is arranged 
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CLAIMS 

1 . A mass spectrometer comprising an ion source to produce ions from 
a substance to be detected and detector means to detect a quantity 
of ions incident on said detection means wherein the said detection 
means includes at least two detector elements, each of which 
elements detect at least a part of said quantity of ions from the Ion 
source and attenuation means which acts to attenuate the quantity 
of ions reaching at least one said detection element, wherein at least 
one of said detection elements is connected to a time-to-dlgital 
converter (TDC) to allow counting of detected ions and at least one 
of said detection elements is connected in parallel to both a time-to- 
digital converter (TDC) and an analogue-to-digital converter (ADC) for 
ion detection. 

i. A mass spectrometer according to Claim 1, wherein attenuation 
means is such that both incident ions and secondary electrons 
generated by said incident ions are attenuated. 
A mass spectrometer according to Claim 1 or Claim 2, wherein each 
detector element comprises a separate plate anode. 
A mass spectrometer according to any one of Claims 1 to 3, wherein 
each detector element is connected via an amplifier to a time to 
digital converter (TDC) to allow counting of detected ions. 
A nriass spectrometer according to any one of Claims 1 to 4, wherein 
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the detector elements are disposed one behind the other relative to 
the ion source. 

6- A mass spectrometer according to any one of Claims 1 to 4, wherein 
the detector elenrrents are disposed one above the other in a plane 
5 extending generally perpendicular to the direction of ion travel. 

7. A mass spectrometer according to Claim 5. wherein an earthed grid 
is provided between the elements to minimise capacitative coupling 
between elements. 

« 

8. A mass spectrometer according to any one of Claims 1 to 7, wherein 
the attenuation means is formed by at least one of the detector 
elements. 

9. A mass spectrometer according to Claim 8, wherein the at least one 
detector element Is adapted to allow a proportion of incident signal 
to pass through the element without being detected. 

"•5 10. A mass spectrometer according to Claim 9, wherein the adaptation 

of the at least one detector comprises a plurality of perforations or 
other apertures in the element. 

11. A mass spectrometer according to any one of claims 1 to 8, wherein 
said attenuation device is provided between the ion source and the 
detector elements which acts to reduce the number of ions reaching 
at least one of said elements or at least a part thereof. 

1 2. A mass spectrometer according to Claim 1 1 , wherein the attenuation 
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device comprises a perforated plate. 

13. A mass according to claim 10, wherein the cross-sectional area of 
the perforations compared to the total cross-sectional area of the 
plate is approximately 1 to 100. 

14. A mass spectrometer substantially as hereinbefore described with 
reference to the accompanying drawings. 
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does nvt ^ffBGt the intenafty uf the beam to a auffident exmnt to 
significantly enhance dynaitite range witfiDirt a very large number of TDCs. 

It is an object of the present invention to provide an attsmative form 
of mass spectrometer in which Ion counting can be used w cover a wide 
dynamic range using a amali number of TOC's. 

Thus and in aoeordanca with the present invention tMereTora there Is 
provided a mass spectrometer comprising a mass spectrometar comprising 
an Ion source to produce Ions from a substance to be detected and detector 
means to detect a quantity of ions incident on said detection means v-herein 
The said detection means includes et least two detector elementt. each of 
which elements detect at least a part of said quantity of ions itom the ion 
source and ananuation means which acts to artanuata the quantity of Ions 
reaching at least one said detection element, wherein at least one of said 
detection elements is connacted to a time-to-dlgitai com^ertar (TDC) to allow 
counting of detected Ions and at least one of said detection elemente is 
connected in parallel to both a tim^xo-digitai converter {TDO and an 
analogue-to-digltal converter (ADC) for ion detection. 

With This arrangemenx it is possible to measure the quantity of ions 
with and without attenuation which means itiat both . single and multiple ion 
detections can be quamlfled more accurately and a high dynamic range for 
the mess spectrometer can be achieved. This is achieved by parallel 
acquisition or Interleaved acquisition of signal from ion beams with 
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.« »r detector element and almost no attenuetlon 
signified attenuation at one detector 

at another. 

i, .e .ppr«.a»- W of aaenuadon of «9na. » a«,er 

^ «u« also «pp««. to -«n*», ot dvn«* r»,. usU^ 

^to«u«o^. c=ov.™.on .ADC, or c=n*ir«*n= of Tt.0 .nd APC. 

„ *. ,on aou«o or ™V b. di.Poa«i one .bov. tho ,*.r m 

,^m.«t, to minimi,, **" 

■n,. «»ou«ten «»an3 may b. pe*m»d by « l-t one f th- 
d«.«or cmem. .nd in *i, o». «.o « ,ea« one deu^r -«n»« 
»,.p»d » *w . proportion o, in=«e« .k,n- lo P- ^ 
^„„, b.i„, d«.™d- T« adap^xicn n,3V cc.pr.se a p.ur-i« of 

p^n^Un,, or ot^r -n «« -l.™- ' 

^„.«„„ device ™v be provided .«wee„ the ion ^ 

,™,f.a«...n«n«or..>.a«.p.rt.h.reof. ,n *.» oircun-»nc *• 
atanuetion d»/ico may oomprla. . performd pW. 

Prarerab^, in th. «h.r. *. a«.nua*- „ fonnad by . 
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-i-«,»«r the cross-sectionaJ area of the 
perforation of the detector element, the cross 

^ . th^ fatal croBs-sectiorrel area of the plate Is 
pcrforationa compared to the total cfoes-se 

substantially i to too. 

-.nventlon will now ^ described f u«har by way of example and 

with refecBnce to the eocompanv drewings of which;- 

ns. 1 Shows e schematic ve^lon of e pHor art form of mess spe«rome«r., 

Rfl. 2showe a schematic version of one embodiment of mass epeotrometer, 

Rfl. 3 Shows a variation on the embodiment shown in Rg- 2; 

. « ear^nd embodiment of mass 

Rg. 4 sbow^s a schematic ^rs.on of a second em 

spBCtrometer; 
Spectrometer; 

P,,. . ^ . .eh.n»tte vision of . «our* ««*od.m.m of n«« 

,p.««««« h ««rd««e ««h *e pre.om invention. 

™w» *. d««.n^. *«e U *.wn in R,. 1 • «h«n«ie 
„p«.™don Of on. ^andaol tonn of ^ »n n»s sf^ca^ 
™ .p«„n„»« 10 cmnpH.- .0 .on .ourc (no, s,»wn, «.i.. P™-"- 
.„ ,on f«,n. , suOs»n„ ,o b» .n.,ys«.. Th. ion Oe.n, ..rocxd .« 
..nvan^on.. n,«ns oo^o . ... =f -crocMnnoi pi«« 11.1. '^'^ 
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A ftirther al»mrt». I. 5ho«n m Bfl. S- In *ls emBodim.nt. th. *« 
am,de I'O. » "node 1* am.. np*n..y «, «nh«l Brtd 19, 

eon«ru«ed « andwk* teyrs of . prteed d,cutt boart 21. Tne firs. 
,™de 16 is tom«d as a perlbr«ed pbtB attaehrt » a IW support l.y« 22 

«„teh b ata. p.rfomt»i, the pe*r«lons in th. *« .upport Iwer 22 bainp 
»8»W vm. «« P«*«l.™ in d.. flm anode 16. A»eh.d » th. 
,pp«l» Of th. n« Bxpport i.y« 22 1. «. .«*.. gird, p«fo™«.n. In 
*. artd also PelFHI m regtesr wW. th. P«f«ations in th. ll«t support layw 
22 and th. first .nod. 1 e. A««:hBd to th. oppo.lt. »ide of th. «nh.d 
arid 19 i. . seoond ,upp.ft l.Y.r 23 «hlch cwrle. . .«»od »nod. « 
„«n.d th.r«.. Flng^s 24 of .~«nd .nod. 18 «..nd through tt» 
,«»nd m« 23 »d t«n,.n«. to th. p.r10n«ion. in th. 

earthed grid 19^ 

in DMs embodimam. th. attanuatton Is Mrrted out by th. first anoda 
1 6 and only . proporton of the ««.nd«v eleotron. r.«* th. Snflor. 24 of 
„oond «od. 18 ttuougn th. .llgn«l ap«tu».. A. in .h. prevtou. 
.„*od.™«.. th. -rth«. grid 1 8 minim..™ cp«««K« "uplin, 

the two anodes « 

■ma .mbodtaents of R«^. 2* are not .mbodfcnants of ma» 
,p«tronwtw in aeeord.no. «hh th. p«s.m mwmlon. 

A still further .ltem«h«i fei »hov«n in Fig. 6 In v«hioh a separat. 
.™„u«lon dement 28 f approplata fom, 1= placed in the len beam b.f.r. 
,ne ion b..m s lneid»« on the ohevron pair 11,12. Th. .n«nu«lon 
..,n»nt in this .mbodiment. comprise, a perforated plat., «.d i. ««n,.d 
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a suwonc to Be d««««l and d™c»r ^ans » «««« a qu««lx>r 
io« incfd.nt on M d«BctIon m»n. «h.«in th. aid de»ctton 
include, at l.a« d«.«.r C^nf. «d, ol «t.ieh 
.l«n.™ d«e«. « !..« . P.« of ,.id <;u««i.y of f~m the ion 
.nd «enua*.n which « *. ,«n«y 

ot ions «ac»*« « «»t one said detection element, wnereln « least 
. on. of «ild d«ee«on .l.««nl. ^ ""n**- " » 

oonv^r (TOCl to allow coondno of detected l.r» end « lee* on. 
of »ld drtecdon -«o«rte i. "nneotad in pe^Ua. to both a ti^K.- 
digital oonvart^ ttDO and «, enelo,u.^t«iloi..l conv«n« (ADC) *.r 
ion detection. 

J. A^.pB««n«er«««d.nstoa3lm1.whe«ln»id.t.enua«on 
^ ^ ao.» to attenuat, «cond.rV elaaoona .an.™*- by .aid 
Ions incident on Mid detMdon means. 
3. Am... .paotromatar .»=o««n, to Claim 1 or Oaim 2, whe«in aach 

detector element compriMS a Mpaiate pleta anode. 
, A ma- .pao,om«ar ««on«nB to any one or Cairn. 1 to 3. wharaln. 
«,ch detector element Is connected via an amplHIer to . dm. to 
dlBital converter (TDCl to allow counting of detected tone. 
A .peco,«n«.r according to »«, or^ of Claim. 1 to *. wh".'" 
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io««n« are disposed one behind the other relative to 
the dewotor elements are aispoee" w 

the ion source- 

^ .,«™n= .r. dUH-.- on. ab»v. *e ^ . pl«» 
.««lin, 9«<"allv p»p.odtauter » th. dtrection ,f Ion 
A m.« ,p«»on«»r .cording » CUMm S. «h.r.ln .n eart«d snd 
provide. th. ...n-nt. » m.nW« -P-*"*-. »op«n, 

between elements^ 

A m« .p«t™nB», ^ccormamm, o« ot cwm. 1 to t. «^.«.n 
«»nu«.o. n,«ns »n«d by « ta»t on. of *- d«,«or 

elements. 

A mass spectrom^er according to Cairn 8, wherein the adaption 
..e et .east one detector comprises a p.ure.,ty of perforadona or 
other apertures In the eiement to allow a proportion ot incident ^ 
to pass through the element without being detected. 
A mess spectrometer according to any one of claims 1 to 9. wherein 
«id attenuation device is provided between the ion source ^ the 
detector elements which acts to reduce the number of iona reeching 
at .east one of saW elements or at least a part tnereof- 

^Minti TO Claim 10. wherein the attenuation 
A mass spectromBler ararordinfl to uaim »u. 

device comprises a perforated plate. 

^r,rn^^t according to claim 9. wherein the cross- 
12. A mass spectrometer accoramM w 
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sfictliaai area of the perforaTJons compared to tha. total cross- 
sectional area of the plate fs substantially 1 to 100- 



AMENDED SHEET 



1.MAR. 2002 16:56 



NO. 5167 P. 53/55 



1 . A msss spe«rome«r comprising an ion wurc to produo. Ion, from 
^ ,ub«ance to be detected and detector means to detect a quantity 
pf ion, incident on «ild d««>tlon meens wherein th. «.id d««;.lon 
inoiodee et least two deteotor eiemen... eeoh of which 
.lament, detect et lea« a part of »id quantity of Ion. from the ion 
souro. and attenuation mean, which act. to attenuate the quantity of 
ion. r»ohlng a. ieaat one .aid detection el.mant, wharain a. leaat 
on. o. said detacfon el.men«> is connected to e «m^«,-digital 
conuerxer (TDCl to allow counting of detected Ion. and at least on. 
of said detection elements is connected In parallel to doth a time-to- 
diflital converter (TOO and an analooue-to^igltel converter .ADCl for 
|,„ drtaction characterised in that .aid attenuation maana «=t. to 
allow only those ion, to be detected that produce secondary 
.lactron, tt.at are incident only on one or other of said d«action 
elements. 

2. A mas. speotromater ecocrdlng to Claim 1 , wharain said attenuation 
™«n. also ac to attenuate .econdery electron, generated By «iid 
ions Incident on sak) detection means. 

3. A mess spectrometer according to Claim 1 or Claim 2, wherein each 
detector element comprises a separate plate anode. 

4. A mass ap«=.rom«er according to any on. of Claims 1 to 3. wharain 
„ch detector element is conn«=ted via an amplifier to a tim. to 
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digital converter (TDC) to allow counting of detected ions. 

5 . A mass spectrometer according to any one of Claims 1 to 4, wherein 
the detector elements are disposed one behind the other relative to 
The ion source. 

6. A mass spectrometer according to any one of Claims 1 to 4, wherein 
the detector elements are disposed one above the other in a plane 
extending generally perpendicular to the direction of Ion travel. 

7. A mass spectrometer according to Claim 5, wherein an earthed grid is 
provided between the elements to minimise capacitatlve coupling 
between elements. 

8. A mass spectrometer according to any one of Claims 1 to 7, wherein 
the attenuation means is formed by at least one of the detector 
elements. 

9. A mass spectrometer according to Claim 8, wherein the adaptation of 
the at least one detector comprises a plurality of perforations or other 
apertures in the element to allow a proportion of incident signal to 
pass through the element without being detected. 

1 0. A mass spectrometer according to any one of claims 1 to 9, wherein 
said attenuation device Is provided between the ion source and the 
detector elements which acts to reduce the number of ions reaching 
at least one of said elements or at least a part thereof. 

11. A mass spectrometer according to Claim 1 0. wherein the attenuation 
device comprises a perforeted plate. 
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12, A mass spectrometer according to claim 9« wherein the cross- 
sectional area of the perforations compared to the total cross- 
sectional area of the plate is substantially 1 to 100. 
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This invention relates to a high dynamic range mass spectrometer, 
preferably although not exclusively of the time of flight kind. 

Time of flight (TOF) mass spectrometers are often used fer 
quantitative analysis of substances. In these applications of e TOF mass 
spectrometer, it will be necessary to be able to accurately determine the 
concentration of a substance based upon a detecrjed ion signal. In a TOF 
mass spectrometer, the ion signals which are to be detected are usually fest 
transients and can be measured by analogue to digital conversion using a 
transient recorder or by ion counting as a function of time using a time to 
, digital convenor (TDC). Use of a TDC Is generally prefen^d because It can 
be more difficult to obtain accurate auaniltatlve results using a transient 
recorder. The use of ion counting is further preferred in an orthogonal 
acceleration TOF because the signals to be measured tend to be small and 
the ion count rates are low. Ion counting using a IDC involves the TDC 
detecting the presence of a signa/ at the detector in excess of a 
predetermined threshold. If the signal detected is in excess of a 
predetermined threshold then this is deemed to be indicative of the presence 
of an ton at the detector ^nd the TDC, after detection of the above 
threshold signal, increments a counter to count the ions. 

However, a problem arises with a time to digital convertor when this 
is used to count Ions in Intense ion beams because most TDC's can only 
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dBtBct one event In a flnlTe small time window. This means that whore a 
TDC is used, rt is not normally possible TO distinguish between a single Ion 
being detected and a multipUcity of Ions being detected at the same time. 
This arises because a TDC cannot distinguish between different magnftudes 
of signal, only whether the detected signal exceeds the predetermined 
threshold. Accordingly, a counter connected to the TDC will only be 
incremented once upon detection of an above threshold signal regardless of 
its magnitude and therefore in the case of incense Ion beams an accurate 
quantitative measurement cannot be made. This means that mass 
spectrometers incorporating such ion counters usually require there to be 
less than or equal to one jon per signal pulse of any substance to measured. 
It also means that for a single TDC there will be a relatively low dynamic 
range. 

Attempts have been made to provide a mass spectrometer which 
uses one or more TDC's to count ions and in which the dynamic range can 
be extended for better quantitative measurements. 

Thus for example, U.S. Patent No. 5,777.326 discloses a TOP mass 
spectrometer m vyrtiich the incoming ion beam is spread so as to be capable 
of being detected by three or more detectors. The signel at each detector 
is detecced by a respective TDC and the signal from each TDC Is 
subsequently added together. However, the problem with this type of 
anangemem is that simply spreading the beam over a number of detectors 
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does not affect the iniensity of the beam to a sufficient extent to 
significantly enhance dynamic range without a very large number of TDC's. 

tt is an object of the present invention to provide an alternative form 
of mass spectrometer in which ion counting can be used to cover a wide 
dynamic range using a' small number of TDC's. 

Thus and in accordance with the present invention therefore there is 
provided a mass spectrometer comprising an ion source to produce ions 
from a substance to be detected and detector means to detect a quantity 
of ione incident on said detections means wherein the said detection means 
includes at least two detector elementSt each of which elements detect at 
least a part' of sard quantity of. Ions from the ion source and attenuation 
means which acts to attenuate the quantity of ions reaching at least one 
said detection element* 

With this arrangement it is possible to measure the quantity of ions 
wfth and without attenuation which means that both single and multiple ion 
detections can be quantified more accurately and a high dynamic range for 
the mass spectrometer can be achieved: This is achieved by parallel 
acquisition or interleaved acquisition of signal from ion^ beams with 
significant attenuation at one detector element and almost no attenuation 
at another. 

Preferably each detector element comprises a separate plate anode. 
Each detector element may be connected via an amplifier to a time to digital 
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converter (TDC) to allow counting of detected lons- 

Although the difiouseion has been in ternn$ of using TDC acquisition 

ft be appreciated that the same principle of attenuation of signal to other 

detector elements could also be applied to extension of dynamic range using 

5 analogue-to-dlgitBl conversion (ADC) or combinations of TDC and ADC, 

The detecmr Blements may be disposed or>e behind the other relative 

to the ion source or alternatively may be disposed one above the other In 

a plane extendlrig generally perpendicular to the direction of ion travel. In 

the case where the detector element Is disposed one behind the other, an 

10 earthed member preferably a wire or grid may be provided betvk^en the 

» 

elements to minimise capacitative coupling between these elements. 

The attenuation means may be performed by at least one of the 
detector elements and in this case the at least one detector element is 
adapted to allow a proportion of incident signal to pass through the element 

15 without being detected. The adaptation may comprise a plurality of 

perforations or other apertures in the element. Alternatively a separate 
attenuation device may be provided between the ion source and the 
detector elements which acts to reduce the number of ions reaching at least 
one of said elements or at least a part thereof. In these circumstances the 

20 attenuation device may comprise a perforated plaie. 

PretferabJy, In the case where the attenuation means is formed by a 
perforation of the detector element the cross-sectional area of the 
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perforations compared to the total cross-sectional area of the plate is 
approximately i to lOO. 

The invention will now be described further by way of example and 
wrth reference to the accompany drawings of which:- 

Fig. 1 shows a schematic version of a prior art form of mass 

spectrometer; 

Fig, 2 shows a schematic version of one embodiment of mass 
spectrometer in accordance v^h the present invention: 
Rg, 3 shows a variation on the embodiment shown in Fig. 2; 
Ffg, 4 shows a schematic version of a second embodiment Of mass 
spectrometer in acoordance with the present invention: 
Fig. 5 shows a schematic version of a third embodiment of mass 
spectrometer in accordance with the present Invention; 
Fig- 6 shows a schematic version of a fourth embodiment of mass 
spectrometer in accordance wrth the present invention; and 
Fig* 7 shows a schematic version of a fifth embodiment of mass 
spectrometer in accordance with the present invention. 
Referring now to the drawings^ there is shown in Fig. 1 a schematic 
represencation of one standard form of prior art mass spectrometer detector. 
The spectrometer lO comprises an ion source (not Shown) which produces 
an ion beam from a substance to be analysed. The ion beam is directed by 
conventional means onto a pair of microchannel plates 11,12 (hereinafter 
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referred to as a chevron pair) which generates secondary electrons due to 
The collision of the ions in the ton beam with the material of the plates 
1 1,12 in the mi'crochannels. Secondary electrons generated ere detected 
by a single plate anode 1 3, the detected signal Is amplified in an amplifier 
5 14 and is passed to a time to digital convertor (TDC) (not shown) which 

detects detected signals over a predetermined threshold and increments a 
counter to count thes^ above threshold signals. 

This fomi of mass spectrometer suffers from the problem that if an 
above threshold signal is detected by the TDC, the counter w!ll be 
10 incremented only once regardless of the magnitude of the signal In 

e>cceeding the threshold. Thus even If the signal is of such a magnitude as 
to constitute more than one ion being detected, the counter will still only be 
incremented once. The TDC cannot distinguish between different 
magnitude above threshold signab. This means that the mass spectrometer 
15 is very inaccurate when used for quantitative measurements of intense 

signals. 

One form of mass spectrometer in accordance with the present 
Invention is shown in schematic form in Fig, 2. In this arrangement, the ion 
beam generated by the ion source (not shown) is also incident on a chevron 
iO pair 11,12 as with the embodiment of Fig, 1. The ion beam strikes the 

microchannei ptate 1 1 and causes the ejection of secondary electrons from 
the surface of the microchannels. The secondary electrons cause the 
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ejeotion of further secondary electrons as they accelerate through the 
microchannels in the plates 11,12 which results in an electron beam which 
emerges from the chevron pair 1 1,12 being essentially an amplfflBcJ signal 
version of the incoming ion beam. The secondary electron beam then 
5 strikes a first anode 1 6 for detection. The first anode 1 6 is perforated in 

order that some of the secondary electrons pass through the first anode 1 6 
without being detected. The remainder of the secondary electrons strike 
the first anode 16 and are detected. For detection purposes, the first anode 

16 is connected to an amplifier 14 and to a time to digital cqrwert&r (not 
10 shown) the output of which increments a counter (not shown) as previously 

explained. Those secondary electrons which pass through the perforations 

17 In the first anode 16 strike a second anode 18 placed substantially 
immediately behind the first anode 16 end are detected. The secondary 
anode is connected to a second amplifier and a second time to digital 

1 5 converter, the output of which incremerrts a counter in the same manner as 

mentioned above. 

It will be appreciated that the ratio of the. cross-seciional area of the 
perforations to the total cross-sectional area of the anode can be chosen to 
give a particular degree of otienuation to the incoming secondary electron 

ZO beam. 

Thus, In use, the ion beam is directed onto the chevron pair 11,12. 
This results in the generation of secondary electrons in the manner 
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mentioned above. These secondary electrons emerge from the chevron petr 
1 1 , 1 2 and are incident of the first anode 16. h is thought that by arranging 
for the cross-sectional area of the perforations in the first anode to be of the 
order of 1 % oT the total cross-sectional area of the anode will give the 
possibility for more accurate quantitath/e measurements over a large 
dynamic range, however, it is to be appreciated that the ratio of the cross- 
sectional area of the perforations to the total area of the anode can be of 
any desired magnitude In order to give appropriate attenuation 
characteristics. 

Therefore, if the area of the perforations represents approximately 1 % 
of the total area of the anode, this means that 1 % of the secondary electron 
beam which is incident on the first anode 1 6 will pass through that anode 
without being detected. This means that the intensity of any signal present 
at the first anode would be reduced by two orders of magnitude If measured 
at the second anode 18. Therefore it would be appreciated that with this 
arrangement, that If for example the first anode 16 can be used to detect 
signals of a first two orders of magnitude then the second anode, at which 
the signal has been reduced In intensity by a -factor of lOO, can be used to 
detect signals at a second two orders of magnitude. It will be appreciated 
that this allows much more accurate quantitative analysis of the incoming 
ion beam since signals which are above threshold will be differentiated 
according to their magnitude and accordingly if s signal is of such a 
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magnitude as to constitute more than one ion arriving^ The present 
arrangemeni will detect this and the counters will be incremented by the 
respective TDC's by the correct number of ions. It can clearly be seen that 
this will result in a significant increase in the dynamic range of the mass 
spectrometer. 

Fig* 3 shows a variation on the embodiment of Fig. 2 In which an 
earthed grid 19 is positioned between the first and second anode 16 and 
18. The earthed grid 19 assists in the minipiisadon of capacitative coupling 
effects between the two anodes 16 and 18. 

Whilst in the embodiments of Figs. 2 and 3, attenuation of the 
secondary electron Signal is earned out by the perforated first anode 16, 
attenuation can be carried out in many different ways. 

Thus for example* as shown in Rg. A, the attenuation can be carried 
out fay wires or a grid placed in front of the first anode 16 to form the 
second anode 18. The cross-sectional area of the wire or grid compared to 
the cross-sectional area of the first plate anode is small such that a large 
proportion of the incident signal from the chevron pair 11,12 passes 
through the second anode 18 without being detected. As with the other 
embodiments, the anenuation can be varied by changing the cross-sectional 
area of the wire or grid to achieve a desired dynamic range. Furthermore, 
as with the other embodiments, an earthed grid 1 9 can be placed between 
the two anodes to minimise capacitatrve coupling of these anodes. 



-10- 

A further alternative is shown in Rg- 5. In this embodiment, the first 
anode 16, a second anode 18 and, optionally an earthed grid 19, are 
constructed as sandwich layers of a printed circuit board 21 . The first 
anode 1 6 is formed as a perforated plate attached to a first support layer 22 
5 which is also perforated^ the perforations in the first support layer '22 being 

in register with the perforations rn the first anode 1 6. Attached to the 
opposite side of the first support layer 22 is an earthed gird, perforations in 
the grid also being in register with the perforaiions in the first support layer 
22 and the first anode 16. Attached to the opposite side of the earthed 
10 0"d 19 is a second support layer 23 which carries a second anode 18 

attached thereto. Fingers 24 of the second anode IB extend through the 
second support layer 23 and terminate adjacent to the perforations in the 
earthed grid 19. 

In this embodiment, the attenuation is carried out by the first anode 
15 16 and only a proportion of the secondary electrons reach the fingers 24 of 

the second anode 1 8 through the aligned apertures. As in the previous 
embodiments, the earthed grid 1 9 minimisas capacitatrve coupling between 
the two anodes. 

A still further alternative is shown in Fig. fi in which a separate 
20 attenuation element 26 of appropriate form is placed in the ion beam before 

the ion beam is incident on the chevron pair 11,12. The attenuation 
element in this embodimerrt, comprises a perforated plate, and is arranged 
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15 



20 



so as to interfere only wvith a pare of the incoming ion beam and reduces the 
proportion of that pan of the beam which reaches the chevron pair 11«12. 
In this embodiment* the first anode 1 6 and the second anode 1 8 are also 
provided but they are provided in the same plane extending generally 
parallel to the longitudinal axis of the chevron pair 11,12 as spaced 
therefrom. Thus the attenuation element ertenuates only a part of the 
incoming ion beam which» after passing through the chevron pair 1 1,12 and 
generating secondary electrons. Is incident on the second anode 18. The 
unattenuated part of the Incoming ion beam after passing through the 
chevron pair 11,12 is Incident on the first anode 16- Therefore it will be 
appreciated that the same effect is achieved with this embodiment as is 
achieved in the other embodiments. 

It will of course be appreciated that the overall attenuation required 
may also be achieved by a combination of attenuation of the incident ion 
beam^ reaching an area of the microchahnel plates detector and attenuation 
of the secondary electron signal, for example Fig. 7. 

It will further be appreciated that attenuation can be achieved by a 
combination of restricting the proportion of ion beam reaching a part of the 
chevron pair 1 1,12 {as in the embodiment of Fig. 6) with a restriction on the 
secondary electron signal emerging from the chevron pair <as in the 
embodiment of Rg. 4). An example of an embodiment of this type is shown 
in Fig. 7. In this embodiment, the incident ion beam is attenuated by a 
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perforated member placed before the chevron pair 11,12. Also the 
secondary electron signal emerging from the chevron pair 11,12 is 
attenuated by placing a relatively small second anode in front of an 
relattveiy large first anode. 
5 It v^ill be appreciated that it is the attenuation of the incoming ion 

beam or the secondary electrons ejected from the chevron pair 11,12 which 
allows the TDC elements to more accurately count incoming ions over a 
large dynamic range. The use of attenuation means that it is possible to 
discrlminarte between different magnitude above threshold signals giving rise 
10 to a more accurate quantitative analysis of the incoming ion beam and also 

giving rise to an extension to the dynamic range of the mass spectrometer. 

It is of course to be understood that the invention is not intended to 
be restricted to the details of the above embodiment which are described 
by way of example only. 



15 



1. MAR. 2002 16;47 

wo 01/18846 



NO. 5167 P. 25/55 

PCT/GB00/03d33 



-13- 

CLAIMS 

1 . A mass spectrometer comprising an ion source to produce ions from 
a substance to be detected and detector means to detect a quantity 
of ions incident on said detection means wherein tlie said detection 
5 means includes at least two detector eiementSr each of which 

elements detect at least a part of said quantity of ions from the ion 
source and attenuation means which acts to attenuate The quantity 
of ions reaching at least one said detection element wherein at least 
one of said detection elements is connected to a time-to-digltal 
10 converter (TDC) to allow counting of detected ions and at least one 

of said detection elements is connected In parallel to both a time-to- 
dlgital converter (TDC) and an analogue-to-digital converter (ADC) for 
ion detection. 

2- A mass spectrometer according to Claim 1, wherein attenuation 
15 means is such that both incident ions and secondary electrons 

generated by said incident ions are attenuated. 
3. A mass spectrometer according to Claim . 1 or Claim 2, wherein each 

detector element comprises a separate plate anode. 
4- A mass spectrometer according to any one of Claims 1 to 3- wherein 
20 each detector element is connected via an amplifier to a time to 

digital converter (TDC) to allow counting of detected ions. 
5, A mass spectrometer according to any one of Claims 1 to 4-, wherein 
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the detector elements are disposed one behtnd the other relative to 
The ion source. 

6. A mass spectrometer accprding to any one of Claims 1 to 4, wherein 
the deteccor elements are disposed one above the other in a plane 
extending generally perpendicular to the direction of ion travel, 

7. A mass spectrometer according to Claim 5. wherein an earthed grid 
is provided between the elements to minimise capacitative coupling 
between elements. 

8. A mass spectrometer according to any one of Claims 1 to 7, wherem 
the attenuation means is formed by at least one of the detector 
elements. 

9. A mass spectrometer according to Claim wherein the at least one 
detector element Is adapted to allow a proportion of incident signal 
to pass through the element without being detected. 

10. A mass spectrometer according to Claim 9, wherein the adaptation 
of the at least one detector comprises a plurality of perforations or 
other apertures in the element. 

1 1 « A mass spectrometer according to any one of claims 1 to 8, wherein 
said attenuation device is provided between the ion source and the 
detector elements which acts to reduce the number of ions reaching 
at least one of said elements or at least a part thereof. 

12- A mass spectrometer according to Claim 1 1 , wherein the attenuation 
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device comprises a perforated plate. 
13. A mass according to claim 10, wherein the cross-sectional area of 
the perforations compared to the total cross-sectional area of the 
plate is approximately 1 to 100. 
5 14. A mass spectrometer substantially as hereinbefore described with 

reference to the accompanying drawings. 
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VIII 






Basis of the opinion 

wn'IlabKhmen. of opinion wuh rogsrd 10 novelty. Bvenliv. Mop and IndusW appKablllly 

^:i:l:ltrri,B-.»^=,(.)-.a=a«.onov^.ln..«^m»^'»^--"^^ 

Citations and explanations supporting such Statement 

Certain defects in the international application 
Certain observations on the international application 

3. The applicant is hereby invited to reply to this opinion. 
When? see the time limit indicated above. T^e applicant may t^fore the expiratton of that time limit. 

request this Authority to grant an extension, see Rule 66.2(0). 
How-^ By submitting a written reply, accompanied, where appropriate by amen^^^^^^^ according to Rule 66.3. 
For iie form and the language of the amendments, see Rules 66.8 and 66.9. 

Also- For an additional opportunity to submit amendments, see Rule 66.4^ 

For the examinei^s obiigation to consider amendments and/or arguments, see Rule 66.4 b.s. 
For an infonnal communication wrth the examiner, see Rule 66.6. 

If no reply is filed, the international preliminary examination report will be established on the basis of this opinion. 

4. The final date by Which the international preliminary no/n-./onno 
examination report must be established according to Rule 69.2 is: 03/01/2002. 



Name and mailing address of the international 
preliminary examining authority: 

— — European Patent Office 

D-80298 Munich 

Tel. ^9 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 



Authorized officer / Examiner 
Lang, T 



Formalities officer (incl. extension of time limits) 
Schuster-Kaechele. W 

Telephone No. 4^9 89 2399 2281 
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International application No. PCT/G BOO/03332 



I. Basis of the opinion 

1 With regard to the elements of the international application (Replacement sheets which have been furnished to 
mfJZing Office in response to an invitation under Article 14 are referred to in th.s op,n,on as -onginaily f,led). 



me receiving ( 

Description, pages: 

1.12 as originally filed 

Claims, No.: 

1-14 as originally filed 

Drawings, sheets: 

1/7-7/7 as originally filed 



2 With regard to the language, all the elements marked above were available or '^"^f^^'^^'^^.'f^^ 
language in which thelntemational application was filed, unless othen^ise indicated under this item. 

These elements were available or furnished to this Authority in the following language: . which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
■ international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the intemational application in computer readable form. 

□ fumished subsequently to this Authority in written fomi. 

□ fumished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently fumished written sequence listing does not go beyond the disclosure .n 
the international application as filed has been fumished. 

□ The statement that the information recorded in computer readable fomi is identical to the written sequence 
listing has been fumished. 

4 The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5 □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional obsen/ations, if necessary: 

,11. Non^stablishment of opinion with regard to novelty, Inventive step and Industrial applicability 

1 The Questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- - 
■ ISvious) or to be industrially applicable have not been and will not be exam,ned ,n respect of. 

□ the entire international application, 

H claims Nos. 2, 14, 
because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (spec/^: 

Bl the description, claims or drawings (indicate particular elements be/ow) or said claims Nos. 2, 14 are so 
unclear that no meaningful opinion could be formed (specify): 
see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2 A written opinion cannot be drawn due to the failure of the nucleotide arid/or amino acid sequence listing to 
compfy witS the standard provided for in Annex C of the Administratwe Instmctions. 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 

V Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Claims - 

Inventive step (IS) Claims 1.3-12 
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Industrial applicability (lA) Claims - 



2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the \om or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following obsen^ations on the clarity. of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

1) The features of device claim 2 relate only to a vague resujt to be achieved 
(attenuation of both incident ions and secondary electrons) by the use of the claimed 
device which only amounts to stating the underlying problem, it is unclear by which 
HPvice features this result could be achieved, contrary to Article 6 PCX. Even if claim 2 
was a method claim directed to the use of a mass spectrometer, it would still be unclear 
by which features this result is to be achieved. 

Since no clear detennination of the scope of protection of this claim is possible, no 
judgement can be made on novelty or Inventive step. 

It appears, however, that the subject-matter of claim 2 is not inventive for substantially 
the same reasons as given under point V for claim 1 . since also the attenuation means 
of D1 or D3 are capable of attenuating both ions and secondary electrons. 

2) Claim 14. in defining its subject-matter merely as being described with reference to 
the drawings, do not allow a clear determination of the scope of protection of the claim; 
and therefore no judgement can be made on novelty or inventive step. 

According to Rule 6.2(a) PCT, claims should not contain such references except where 
absolutely necessary, which is not the case here. 

It appears, however, that the subject-matter of claim 14 is not inventive for substantially 
the same reasons as given under point V for claim 1 . 



Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, mvent.ve step 
or Industrial applicability; citations and explanations supporting such statement 

1) Reference in made to the following documents: 
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D1- WO 99 38190 A (BATEMAN ROBERT HAROLD jCOTTRELL JONATHAN 

CHARLES (GB); GILBERT ANT) 29 July 1999 (1999-07-29) 
D2- US 5463219 A; cited in 01 

D3- MJ Kristo. CG Enke. System for simultaneous count/current measurement 
' with a dual-mode photon/particle detector, Review of Scientific Instmments. 
vol 59(3), pages 438-442. 1988. XP001013497; cited in D1 

Copies of D2 and 03 are attached. 
2) Inventive Step (Article 33(3) POT) 

2 1) The document D1. which is considered to represent the most relevant state of the 
art discloses (see abstract. Fig. 4 and pages 15-16) a time of flight mass spectrometer 
ir^cluding two plate-shaped detector anodes 46. 44 arranged in series .n the d,rec.on of 
ion travel, the first 46 attenuating the quantity of ions reaching the second 44 both 
connected to discriminators 28. 29 (which are TDCs, see the explanation .n D1 page 2 
lines 3 et seq., and in the present application). 

From this, the subject-matter of claim 1 differs only in that one of the detectors is 
additionally connected to an ADC. in parallel to the connection to the TDC. 

This feature is not described as being part of the invention in the summary 
corresponding to claim 1 on page 3 of the description. No advantage or surpns.ng 
effect of this feature can be derived from the application as fled, contrary to n.^ 5^1a) 
(iil) PCT. (Moreover, any later inclusion of such an effect would not comply with Art. 34 
(2) b) PCT.) 

The introductory portion of D1 (page 5 lines 17-20). and document D2 cited there, 
disclose this feature as a possibility to extend the dynamic range of the detection 
system Thus this feature is merely one of several straightfon^ard poss.b.ht.es from 
Which the skilled person would select, in accordance with circumstances. ■^^or6erXo 
extend the dynamic range, thereby arriving at the subject-matter of claim 1 without the 
exercise of inventive skill. 

2.2) For the same reasons, the subject-matter of claim 1 lacks an inventive step over 
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the prior art D3 (see abstract, Fig. 2-4 ar«l related text, In particular introduction on 
pao 438), described In D1 from page 4 line 24 to page 5 line 17 (the in.erm«*^« 
etec rode is a flrst detector and attenuation means; tt« electrode recemng electrons 
from the second multiplier Is a second detecton the protection grid is an addrtional 

attenuation means). 

A slmu^anecus detection as described in D1 , page 5 lines 17-20, a™J J" docum-t D2, 
is again an obvious design option, readily included ,nto one of the detectors of D3. 

2 3) Dependent claims 3-12 only comprise subject-matter relating to features which are 
elt^Zn explicitly or implicitly, from the citations or considered to be routine mat^e 
eTpeeted o the skilled person. Therefore these claims cannot sen,e as a bas,s for 
Tnew indetnden. Calm wh-.h would meet the requirements of the PCT as to noveKy 

and/or inventive step. 

In particular the subiect-matter of claims 3, 5, 6, 8-10, 1 1 (deceleration grid, see D1 
pa^4T,!e 38 e, se<l.; Fig. 4 «em 46), and 12 is also disclosed in D1 as Ced above. 

(Pre-) amplifiers within discriminators (claim 4) or Faraday shields between detectors 
(Claim 7) are well known standard features which do not provide any unexpected 
effect. 



Re Item VII 

Certain defects in the international application 

1) it is left to the applicant to file new claims which take into account of the objections in 
this communication. 

At the present understanding of the application, the subject-matter of claim 13 might 
possibly meet the requirements of Articles 33(2) and (3) PCT. 

The applicant should also indicate in the letter of reply the difference of the 
Lbject^atter of the new independent claim vis-a-vis the state of the art (reasons for 
novelty) and the significance thereof (reasons for inventive step). 
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2) Independent claim 1 is not fomiulated in the two-part form in accordance with Rule 
6.3(b)(i-ii) PCT such that features known in combination from the prior art are placed in 
the preamble of these claims. 

if the applicant is of the opinion that a two-part iorm of the claim would be inappropriate 
he is invited to provide reasons in his reply. 

3) The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

4) The summary of the invention on page 3 lines 6-1 3 of the description is not in 
conformity with claim 1 as required by Rule 5.1(a)(iii) PCT. 

5) The relevant background art disclosed in the documents D1, D2, and D3 is not 
mentioned in the description, nor are these documents identified therein (Rule 5.1(a)(M) 
PCT). 

See PCT International Preliminary Examination Guidelines 11-4.4. 

The applicant should ensure that it is clear from the description which features of the 
subject-matter of the independent claim(s) are known from the prior art. 

6) in order to facilitate the examination of the conformity of the amended application 
with the requirements of Article 34(2)(b) PCT. the applicant is requested to clearly 
identify the amendments carried out, no matter whether they concern amendments by 
addition, replacement or deletion. &nd to indicate the passages of the application as 
filed on which these amendments are based (Rule 66.8(a) PCT). 

The applicant is asked to file amendments by way of replacement pages in the manner 
stipulated by Rule 66.8(a) PCT. In particular, fair copies of the amendments should be 
filed preferably in triplicate. 

Moreover, the applicant's attention is drawn to the fact that, as a consequence of Rule 
66.8(a) PCT the examiner is not permitted to carry out any amendments under the PCT 
procedure, however minor these may be. 
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Re Item VIII 

Certain observations on the international application 



(see also item I) 

1) Claim 9 does not meet the requirements of Article 6 POT in that the matter for which 
/ protection is sought is not clearly defined. The claim attempts to define the subject- 
matter in temis of the result to be achieved ("adapted to ...") which merely amounts to a 
statement of the underlying problem. The technical features necessary for ach.ev.ng 
this result should be added (see e.g. claim 1 0). 

/ 2) The term "approximately" used in claim 1 3 is vague and unclear and leaves the 
/ reader in doubt as to the meaning of the technical feature to which it refers, thereby 
' rendering the definition of the subject-matter of said claim unclear (Article 6 PCT). 



Further, the term "mass" in claim 13 appears to stand for "mass spectrometer. 
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Dear Sirs 

Patents Act 1977: Search Report under Section 17(5) 

I enclose two copies of my search report and two copies of the citations. 

Publication p/r-iKjOEf: 
I estimate that provided you have met all formal requirements, preparations for publication 
o yrapS ;L will be completed soon after 25 March 2003. You w'U " ' 
letter infonning you of completion and telling you the publication number and date of 
publication. 

Amendment/withdrawal 

If you wish to file amended claims for inclusion with the published application, or to 
wiMraw ml application to prevent publication, you must do so before tiie^^^^^^^^ 
n. Wication are completed. No reminder will be issued. If you write to the Office less 
CrrkTbefSe above completion date, please mark your letter prominently: 
"URGENT - PUBLICATION IMMINENT". 



Yours faithfully 

M^ty^ixon 
Examiner 



ReOE(V£D 

2 1 FEB 2003 
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An Executive Agency of the Department of Trade and Industry 
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Patents Act 1977 : Search Report under Section 17 
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to claims 


Identity of document and passage or figure of particular relevance 
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1,3-6, 


GB 2246468 A 


(Finnigan Mat) see e.g. fig 1 and page 7, line 3 




20-22 




to page 8, line 1 


X 


1,2.20 


GB 1147667 A 


(Friedrich-Schiller-Universitat) see figs 1 and 2 


X 


1-4,7,20 


GB 0907511 A 


(UKAEA) see fig 2 and page 2, line 100 to page 








3, line 10 


X 


1-6,17.23 


US 5026988 A 


(Vanderbilt University) see fig 2 and col 4, line 








40 to col 5, line 12 



Categories: 



X Document indicating lack of novelty or inventive step A Document indicating technological background and/or state of the art, 

Y Document indicating lack of invenuve step if combined P Document published on or after the declared priority date but before the 
with one or more other documents of same category. filing date of this mvenuon. 



& Member of the same patent family 



E Patent document published on or after, but wiih priority dale earlier 
than, the filing date of this application. 



Field of Search: 

Search of GB, EP, WO & US patent documents classified in the following areas of the UKC"^ 
HID 



Worldwide search of patent documents classified in the foll ov^ng areas of the IPC': 
HOIJ 



The follovsdng online and other databases have b gen used in the preparation of this search report: 

online: EPODOC,WPIJAPIO,INSPEC 
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• PCT 

INTERNATIONAL PRELIMINARY EXAMINATI 

(PCT Article 36 and Rule 70) 




Applicant's or agent's file reference. 
RH/ALO/P/15339.WO 


See Notification of Transmittal of Intemational 
FOR FURTHER ACTION preliminary Examination Report {form PCT/IPEA/416) 


International application No. 
PCT/GBOO/03332 


Intemational filing date (day/month/year) 
31/08/2000 


Priority date (day/month/year) 
03/09/1999 


International Patent Classification (IPC) or nal 
H01J49/40 


tional classification and IPC 


Applicant 

IVIASSLAB LIMITED et a!. — 


1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authonty 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 8 sheets, Including this cover sheet. 



Kl Thio r«nnrt also accomoanied by ANNEXES, I.e. sheets of the description, claims and/or drawings which have 
LLnTenrJ a^^^^^^^^ -P°^ ^^^^^^^ rectifications made before this Author«y 

(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 7 sheets. 



3. This report contains indications relating to the following items: 

I S Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 
Certain documents cited 
Certain defects in the international application 
Certain obsen/ations on the international application 



II 


□ 


111 




IV 
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V 




VI 
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VIII 


IS 



Date of submission of the demand 
03/04/2001 


Date of completion of this report 
10.12.2001 


Name and mailing address of the intemational 
preliminary examining authority: 

- European Patent Office 

AM D-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 


Authorized officer /i^^^*^^^^*^^ 

- Jl) 

Lang.T \ ^' j) 

Telephone No. +49 89 2399 2594 



Form PCT/IPEA/409 (cover sheet) (January 1994) 
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□ the description, pages: 
— □- the claims, Nos.: 

□ the drawings. sheets: 



5. D Th. rspo. .as ^en es.a«shed aa ^" '^^ 
considered to go beyond the disclosure as (lied (Rule 70i(c)). 

,>«yrep/ace,na«^«con«a«,v.ucftaman*«n«m.«,»e,.,e,red»u,,*r/,«^ 

reporfj 



6. Additional observations, if necessary: 



m. Non-estab.ishment of opinion with regard to novelty. Inventive step and .ndustna. aPP-.-b...^^^^^ 

1 The questions whether the claimed invention appears to be novel, to involve an invenfve step (to be non- 
lES or to be industrially applicable have not been examined .n respect of. 
□ the entire international application. 



la claims Nos. 2. 



because: 



□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (spec//y). 

S the description, claims or drawings ,n,,cate pa.icu,ar elements t>e,o^ or said claims Nos. 2 are so unclear 
that no meaningful opinion could be formed (spec»/y): 
see separate sheet 

□ the claims, or said claims Nos. are so Inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 
Instructions: 

□ the written fomn has not been furnished or does not comply with the standard. 

□ the computer readable fom, has not been furnished or does not comply with the standard. 

V Reasoned statement under Article 35(2) with regard to novelty. Inventive step or Industrial applicability; 
citations and explanations supporting such statement 
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1. Statement 
Novelty (N) 

Inventive step (IS) 

Industrial applicability (lA) 



Yes: 


Claims 


1,3-13 


No: 


Claims 




Yes: 


Claims 


13 


No: 


Claims 


1, 3-12 


Yes: 


Claims 


1,3-13 


No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII Certain defects in the International application 

The following defects in the fonri or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the International application 

The following obsen^ations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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^t^llishmen, ofopinion w«h regard to novelty, inventive ...p and 

industrial applicability 

i» The features of device claim 2 relate only to a vague result to be achieved 
l^nuirXth incident ions and seconder electrons) by the Mia of the c,a,nned 
'c^^e Which only antounts to stating the underlying P-^]-;;^ ""f^^^ ^ * 2 

by which features this result is to be achieved. 

Since no clear determination of the scope of protection of this claim is possible, no 
judgement can be made on novelty or inventive step. 

It appears however, that the subject-matter of claim 2 is not inventive for substantially 
Jsame Reasons as given under point V for claim 1 . since also the attenuation means 
DiTd3 are capabl of attenuating both ions (by the cross-section of these means 
which intercepts the ion flux) and secondary electrons. 



statement under Article 35(2) with regard to novelty, ■"-n^e ste^^^^^ 
rndustrial appHcability; citations and explanations supporting such statement 

1) Reference in made to the following documents: 

D1- WO 99 38190 A (BATEMAN ROBERT HAROLD ;COTTRELL JONATHAN 

' CHARLES (GB); GILBERT ANT) 29 July 1999 (1999-07-29) 
D2- US 5463219 A; cited in D1 

D3- MJ Kristo, CG Enke. System for simultaneous count/current measurement 
with a dual-mode photon/particle detector. Review of Scientific Instruments, 
vol 59(3). pages 438-442, 1988, XP001013497; cited in D1 
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2) Inventive Step (Article 33(3) PCT) 



2.1) The document D1, which is considered to represent the most relevant state of the 
art, discloses (see abstract, Fig. 4 and pages 15-16) a time of flight mass spectrometer 
including two plate-shaped detector anodes 46, 44 arranged in series in the direction of 
ion travel 33, the first 46 attenuating the quantity of ions reaching the second 44 
(necessarily because of the cross-section of anode 46 of about 50% of the total area 
exposed to the ion flux 33). Both anodes are connected to discriminators 28, 29 (which 
are TDCs, see the explanation in D1 page 2 lines 3 et seq., and in the present 
application). 

From this, the subject-matter of claim 1 differs only in that one of the detectors is 
additionally connected to an ADC, in parallel to the connection to the TDC. 

No advantage or surprising effect of this feature can be derived from the application as 
filed, contrary to rule 5.1a) (iii) PCT. (Moreover, any later inclusion of such an effect 
would not comply with Art. 34 (2) b) PCT.) 

The introductory portion of D1 (page 5 lines 17-20), and document D2 cited there, 
disclose this feature as a possibility to extend the dynamic range of the detection 
system. Thus this feature is merely one of several straightfonA^ard possibilities from 
which the skilled person would select, in accordance with circumstances, in order to 
extend the dynamic range, thereby arriving at the subject-matter of claim 1 without the 
exercise of inventive skill. 

2.2) For the same reasons, the subject-matter of claim 1 lacks an inventive step over 
the prior art D3 (see abstract, Fig. 2-4 and related text, in particular introduction on 
page 438), described in D1 from page 4 line 24 to page 5 line 17 (the intermediate 
electrode is a first detector and attenuation means (since it intercepts the ion flux); the 
electrode receiving electrons from the second multiplier is a second detector. The 
protection grid also intercepts the ion flux and is an additional attenuation means). 

A simultaneous detection as described in D1 , page 5 lines 17-20, and in document D2, 
is again an obvious design option, readily included into one of the detectors of D3. 
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2 3) Dependent claims 3-11 only comprise subject-matter relating to features which are 
-either known, explicitly or implicitly, from the citations or considered to be routine matter 
to be expected of the skilled person. Therefore these claims cannot serve as a basis for 
a new independent claim which would meet the requirements of the PCT as to novelty 
and/or inventive step. 

in particular, the subject-matter of claims 3. 5, 6, 8 (interception and thus -"^nuation of 
the ion flux by one of the detector electrodes is necessarily also present m D1 and D3), 
9. 10 (deceleration grid; see D1 page 4 line 38 et seq.; Fig. 4 item 46), and 11 is also 
disclosed in D1 or D3 as cited above. 

(Pre-) amplifiers within discriminators (claim 4) or Faraday shields between detectors 
(claim 7) are well known standard features which do not provide any unexpected 
effect. 

2 4) The cross-sectional area of the perforations as claimed in claim 12 is not 
suggested or rendered obvious in the available prior art and may be regarded as 
solving the problem of allowing a much more quantitative analysis of the in<;Orn'"9 
beam (page 8 line 20 of the application), thus meeting the requirements of Article 33(3) 

PCT. 
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Certain defects in the international application 

1) Independent claim 1 is not fomiulated in the two-part form in accordance with Rule 
6.3(b)(i-ii) PCT such that features known in combination from the prior art are placed in 
the preamble of these claims. 

2) The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

3) The relevant background art disclosed in the documents D1. D2, and D3 is not 
mentioned in the description, nor are these documents identified therein (Rule 5.1(a)(ii) 
PCT). See PCT International Preliminary Examination Guidelines 11-4.4. 
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oS^us), orto he industrially applicable have not been examined .n respect of: 

□ the entire intemahonai application. 
B claims Nos. 2. 
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B the description, claim, or drawings (indic^to par^ar elem^ts bek^ or««d claima Nos. 2 are,o unclear 
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Instructions: 
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Claims 
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Claims 
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No; 


Claims 


1,3-12 


Yes: 


Claims 


1,3-13 
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Claims 





2. Citations and expJanations 
see scpuFSite sheot 



VII. Certain defect in the interrmttonel appllcatian 

The following defects in the fbmi or contents of the international application have been noted: 
see separate stieei 

VUl Certain otiservatlons on the international application 

The Toilowing oDservatlons on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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industrial applioabiiity 

a method claim dirooted to the use of a mass spectrometer, rt would ei 
by which features this result Is to be achieved. 

Since no clear detem^ination of the scope of protecfion of this claim is possible, no 
judgement can be made on novelty or Inventive step. 

which inteioepts the ion Ilux) and seoondsiy elMlrons. 

under Article 3S(*) wi* «^ to ■"»« "« "^" 

1) Referanes in made to *e loBowing dooumente: 

or WO 98 38180 A (BATEMAN ROBERT HAROI^ ■^"^^ JONATHAN 
CHARLES CGB): GILBERT ANT) 29 July 1999 (1999-07-29) 

!l at:al^pl».o'n/particl.de.eoU., Review of Sden* 
vol 59(3), pages 43W42. 1988. XP001013497; cited m D1 
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a) biwnli™ et^ (Article aa<3) PCT) 



2 1) The document 01 , which is considered to represent the most relevant st^ of *e 
d^tets (,ee abs.™* Fig.,4 and pag^e 15-16) a«m. of flight r^JO^TT^ 
TndX *«o detector anode, 46. 44 arranged ^ een« ,n me d»ec.»n of 

ion travel 33. the first 46 .itt^n..atipnth>>9MantBY0H°n^ "^^.r^ 
Tne^y because of the croes-sectlon of anode 46 of about 50% of thetourf area 
^^!:'the ion flux 33). Both -K.de, am connected to dIecHmlnato,. 28. 29 (wt„ch 
JtOCs. see the explanation in D1 pas. 2 nnea 3 el eeq.. and ,n the present 

application). 

From this, the subiect-matter of claim 1 differs only In that one of ttie detectors is 
additionally connected to an ADC. in parallel to the connection to the TDC. 

NO advantage or sun^rising affect of this feature can be 

filed, contmry to rule 6.1a) (Hi) PCX. (Moreover, any later inclusion of such an effect 
would not comply with Art. 34 (2) b) PCT.) 

The Introducton. portion of D1 (page 5 lines 17-20). and document M dtedB^. 
Llose this Zo^ as a possibility to extend ^ "^JT^J^^^^^ 
Thus this feature is merely one of s«««l slraiflhtlb™ard 

«hich tt,e skilled pe,«n would select. In acconjanoe with cln:umstances. ,n "^'^ 
^d me dynar^ range, thereby arrivlnfl at the subj«a-matterof da™ 1 wtlhoutlhe 

exerdse of inventive skill. 

2 2) For the same reasons, the subject-matter of claim 1 lacks an inventive step over 
the prior art D3 (see abstract. Fig. 2-4 and related text. In particular '"troduction on 
Tage 438). described in D1 from page 4 line 24 to page 6 line 17 (the m^mied^e 
ILrc Jls a first detector and attenuation means (since it '"tercep^ tl^e^n flux), the 
electrode receiving electrons from the second multiplier is a second d^tec^r The 
protecacn grid also intercepts the Ion flux and Is an addttlonal attenuation means). 

A simultaneous detection as described in D1 . page 5 lines 17^20, ^^l^'^^^j;^^ 
is again an obvious design option, readily included into one of the detectors of D3. 
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„ independent c.a.. 1 is not focmu.ated . tne ^^^^^^^^^ 
6.3(b)(l-li) PCT such that features known in combination from the prior an 
the preamble of these claims. 

2) Tho f««ur« me daims n<rt presided «* rele.»noe signs plac«^ 
perentheaes {Rule 6£(b) PCT). 

PCT). See PCT International Preliminanr Examination Qu.del.nes H-4.4. 
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